Lipopolysaccharide (LPS) from Lrptospira interrogans serovar copenhageni was prepared from the aqueous phase of a phenol/water extract. Electron microscopic examination of negatively stained LPS showed a mixture of ribbon-like, round and ring structures. Carbohydrate analysis of the preparations revealed pentoses, hexoses, heptoses, hexosamines, and a 2-keto-3-deoxyonic acid which was chromatographically different from authentic 2-keto-3-deoxyoctonic acid (KDO). The major fatty acids of the LPS were hydroxylauric, palmitic and oleic acids. Although the leptospiral LPS preparations did not contain KDO or hydroxymyristic acid, they were otherwise morphologically and chemically similar to the LPS of other Gram-negative bacteria.
value of 0-47 found for a sample of authentic KDO. The identity of this compound has not been established.
The results of GLC of trimethylsilyl derivatives of the sugars are shown in Table 1 . The main group of sugars, the pentoses, comprised 83.9% of the total carbohydrates, while hexoses were 8.9% and amino hexoses were 7.5%.
Treatment of LPS with 0.2 M-H,SO, resulted in the liberation of lipid A. The fatty acid composition of lipid A from leptospiral LPS is shown in Table 2 . 3-Hydroxylauric acid (3-OH-C12:0), palmitic acid (C16:o) and oleic acid (CIgt1) were the main fatty acids of leptospiral LPS. Myristic (C 14:o) and 3-hydroxymyristic (3-OH-C 14:o) acids were not found. 
DISCUSSION
Electron microscopic examination of negatively stained LPS extracted from L. interrogans serovar copenhageni showed ribbon-like structures similar to that reported from LPS from Escherichia coli (Lopes & Inniss, 1970) , Salmonella typhimurium (Shands et al., 1967) and Treponema pallidum (Jackson & Zey, 1973) . Nothing is known of "smooth' and 'rough' equivalents in Leptospira, but it appears that the leptospiral LPS examined may be in a smooth form because its ultrastructure shows two dense lines, running parallel to the length of the ribbons, similar to the structure shown by Lopes & Inniss (1970) to represent the 0-specific side chains which were not present in the rough form LPS of E. coli. The strain of leptospires used was maintained in a virulent state by frequent passage through guinea pigs. Results are the means of two determinations f the range and are expressed as a percentage of the total lipid fraction.
Fatty acid
Hydroxydecanoic ( Mild alkali treatment degraded leptospiral LPS into small particles, similar to those seen in alkali-treated Gram-negative LPS, which has a greater affinity than untreated LPS to bind to erythrocytic membranes (Ciznar & Shands, 1971) . Alkali treatment was shown to enhance erythrocyte binding of a leptospiral LPS preparation (Faine et al., 1974) . Thus morphologically leptospiral LPS resembles typical LPS of Gram-negative enteric bacteria.
The UV absorption spectrum indicated a single peak (absorption maximum 0.60 at 192 nm) and a small shoulder at 235 nm (absorption maximum 0.08) which appears to correspond to an absorption maximum similar to the TM antigen described by Shinagawa & Yanagawa (1972) .
Leptospiral LPS has a chemical composition similar to most Gram-negative bacterial LPS, except for the absence of hydroxymyristic acid (3-OH-C,4), a common marker from enteric group LPS, and KDO. The 2-keto-deoxy sugar acid found in leptospiral LPS was not KDO because of its different migration on paper chromatography. Since all 2-keto-3-deoxy sugar acids react with periodic and thiobarbituric acids giving a pink colour absorbed at 549 nm (Ghalambor et al., 1966; Luderitz et al., 1971) , the corresponding deoxy sugar has to be determined in order to identify a reactive 2-keto-3-deoxy sugar acid. These observations confirm those of Shimizu et al. (1984) who also found an unidentified KDO-like component in LPS isolated from L. interrogans serovar canicola. Kasai & Nowotny (1967) also found 3 thiobarbituric acid-positive spots on high voltage paper electrophoresis while studying the sugar composition of a Salmonella minnesota glycolipid. 2-Keto-deoxy acids or their phosphorylated forms have been shown to be intermediates in the metabolism of carbohydrates by bacteria. I N H , B . i4DLER A N D S . F A I N , 1952; Wood & Schwerdt, 1954) ; and 2-keto-3-deoxyheptonic acid 7-phosphate, an intermediate in aromatic amino acid biosynthesis (Weissbach & Hurwitz, 1959) .
T . V
No attempt has been made to identify all the components of LPS. Ono et al. (1984) described components of an antigenic fraction (TM) of L. interrogans serovar canicola, related to LPS (Adler et af., 1980), emphasizing the difficulties arising from the small amounts of material available, even though they extracted 1000 1 of culture.
The absence of endotoxic activity such as pyrogenicity, mouse lethality and cytotoxicity for cultured L-cell fibroblasts (Vinh et al., 1986) KDO is a linkage between lipid A and polysaccharide chains in LPS from other Gramnegative bacteria, but plays no role in the endotoxic activity which is entirely dependent on lipid A (Luderitz et al., 1971; Amano et al., 1983) . Furthermore the removal from LPS of lauryl, myristyl and 3-hydroxymyristyl groups by alkaline hydroxylaminolysis was associated with the reduction of pyrogenicity and low toxicity for mice and dogs (McIntire et al., 1967) .
It is not known whether the absence of myristic acid (C14:o) and 3-hydroxymyristic (3-OH-C14:o) acids, which are the main fatty acids of the other Gram-negative bacterial LPS (Galanos et al., 1977) , is the reason why leptospiral LPS lacks endotoxic activity characteristic of LPS from enteric bacteria. Toxic activity similar to some characteristics of typical Gram-negative bacterial LPS was found in another type of preparation from leptospires (Vinh et al., 1986) . 
